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ABSTRACT 
Objectives: 
To analyze the polymerization shrinkage stresses flowable and universal dental composites at 
different times. 
 
Materials and Methods: 
Seven flowable and four universal composites; were used in this study. Two glass 
cylinders were fixed in a vertical position on the INSTRON machine; leaving 1 mm gap between 
them. The resin was injected and light cured for 20 seconds. The load curve was recorded until 5 
mins after the end of light cure.  
The stress values were calculated in MPa from the division of contraction forced 
recorded at 20 s. 60 s.180 s. and 300 s. Statistical analysis was done using ANOVA and all Pairs 
Tukey –Kramer (α = 0.05) 
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Results:  
    MPa  Seconds MPa Seconds 
Sure Fil SDR    0.18  20   0.33  300  
Filtek Sup. Ultra univ.  0.21  20   0.37 300  
Filtek Sup. Ultra Flow  0.39  20   0.55  300  
NovaPro Ultra univ.   0.39  20   0.55  300 
Beautifil II univ.    0.35  20   0.57  300 
NanoPro Flow    0.40  20   0.66  300 
Herculite Ultra univ.    0.43  20   0.65 300 
Herculite Ultra Flow    0.42  20    0.66 300 
Prime Dent    0.38  20   0.85 300 
G-aenial Flo    0.64  20   0.90   300 
Dentex flow    0.71  20   1.12 300  
 
Conclusions:  
 
Withing the limitation of these research we can conclude that: 
In general the flowable composites group presented higher polymerization shrinkage 
stress values at all sudied times.  
Our null hypotesis ”there is no shrinkage stress difference between flowable and 
universal composites” was partialy rejected, since the flowable composite SureFil SDR obtained 
the lowest shrinkage stress values in our study. 
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1. INTRODUCTION 
 
Dental composites were first introduced by Bowen in the early 1960s [1, 2], they were 
composed by a combination of silanized quartz powder and dimethacrylate monomer [3]. Later 
on he added the silica-reinforced Bis-GMA (bisphenol glycidyl-dimethacrylate) as the monomer 
system for dental composites[4], which was primarily used as an alternative for amalgam in 
areas were a tooth color filling was required. Since then, more than 50 years ago, dental 
composites have undergone a series of changes specially in their composition.  
 
There are four principal components of a resin composite: organic polymer matrix, 
inorganic filler particles, coupling agent, and the initiator-accelerator system[1]. They can be 
also categorized as hybrid, nano-fill, microfill by filler type and can also be categorized by 
viscoelastic property as universal, packable and flowable composites [5].  
 
The organic polymer matrix in most commercial composites today is a cross-linked 
matrix of dimethacrylate monomers. The initiator system works by polymerizing and cross-
linking thus hardening the resin. Still one of the most commonly used monomers in dental 
composites is Bis-GMA(2,2-bis[4-(2-hydroxy-3-methacrylyloxypropoxy) phenyl] propane); this 
monomer contains a high molecular weight that makes it highly viscous, a reason why it is 
usually combined with TEGDMA which is used as a diluent, to obtain a better material 
consistency. The second most common monomer used is UDMA (l,6-bis(methacrylyloxy-2-
etlioxycarbonylamino)-2,4,4-trimethylhexan) or Urethane Dimethacrylate. 
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The fillers found in the resins can be organic or inorganic, they can be spherical or 
irregular and range in sizes from 0.005 to 100µm. These fillers provide strength, radiopacity, 
gloss, thermal stability, and hardness to the resin. The total volume of fillers used in a resin 
composite varies depending on the clinical application and composition; for example, quartz, 
silica, zirconium, strontium, and barium, in addition to all the different brands and 
manufacturers. 
 
Flowable composite resins were first introduced in 1996 [6]. They have a low viscosity; 
which is one of the characteristics that makes them suitable to use as class V filling material, pit 
and fissures sealants, and liners [5, 7] because they are able to flow within a cavity preparation. 
On the other hand, to achieve the low viscosity, they also have a low filler content, thus, been 
prone to more shrinkage in polymerization [8]. Perhaps this is one of the reasons why in the past 
20 years, researches have focused their attention on improving the mechanical and chemical 
properties.  
 
Dentistry is changing, and in today’s world, time is more valuable than ever; something 
that motivates clinicians to look for new materials with high quality that can replace the long and 
demanding protocols of placing a filling while at the same reducing the chair time in their 
offices.  
 
Recently, a new kind of flowable and condensable resins; called “bulk fill composites”, 
was introduced to the market. These materials are actually in high demand among dentists 
because they allow them to restore and polymerize a filling on increment layers of up to 4 mm 
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thickness [9], due to their high translucency and because of their higher filler content. One the 
other hand, most recent studies suggest that the use of bulk fill composites may not be 
recommended because the curing light may not reach the deep layers of the resin composite 
which, might lead to an increased volume shrinkage and shrinkage stress [10, 11]. 
 
One of the most important advancements in the resin composite industry during the last 
decade, was the innovative introduction of nanocomposites containing nanoscale filler such as 
nanoparticles, nanofibers, glass ceramics, or  silica nanospheres [7], with sizes ranging from 20 
to 25nm in diameter. Nanomaterials contain a very large surface of free energy which enhances 
the bonding with other materials such as layered silicates and clay. Some studies also suggest 
that nanocomposites have and improved thermal and mechanical properties, as well as better 
polish ability, esthetics, and increased wear resistance.[12, 13] 
 
Shrinkage can be defined as a densification or loss of volume [14, 15]. It is clinically 
important to understand and analyze how shrinkage stress is distributed to the bonded tissues, as 
well as how these stresses disperse through the tooth causing damages that might result in cracks, 
marginal gaps, and postoperative sensitivity; resulting in secondary decay [16-18], some of the  
primary issues still associated with dental composites. Moreover, clinicians have observed some 
fracture lines on the enamel of cusps following the curing of composites in posterior teeth, thus 
associating these with the polymerization shrinkage stress of the material [11]. 
 Recently, researchers found that one way to control the shrinkage is to add a higher filler 
content to the material [19], in fact, the lower the filler content the higher the shrinkage it will be. 
However, in spite of the efforts in the past years to improve the chemical and mechanical 
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properties, as well as the esthetics of dental composites, there is still little information regarding 
the shrinkage stress properties of these bulk fill composites materials. 
Therefore, it is crucially important to analyze and compare the different polymerization 
shrinkage stress properties and characteristics of some of commercially flowable and universal 
bulk fill and nanocomposites used by dental professionals. 
 
1.1 Literature Review 
 
         Many of the research has been done to understand the polymerization shrinkage and 
shrinkage stress properties of polyacrylic material.  
Polymerization is the result of the formation of new covalent bonds that bring monomer 
units closer together reducing their mobility and forming a polymeric structure [20]. Internal 
stress is created as a result of this polymerization within the composite; this stress is important 
because it can be transferred to the bonded tooth-interface making it weak, producing a gap 
resulting in de-bonding of the restauration, as well as, enamel cracks or tooth fractures; among 
the most common causes of failure of the restorations [21]. 
 One of the first stages of polymerization is known as internal flow in this stage; the early 
polymerization chain is forming, and the cross-linking is poor the monomer and the new chains 
are beginning to form. The second stage is known as gel-point this stage is characterized by the 
material’s stiffness.[22] Studies have confirmed that the post gel stage is where most of the stress 
happens; thus, researches have study ways to prolong the pre-gel phase in a way to relief the by 
an internal flow. One way to do these is by increasing the amount of inhibitor [23, 24]. 
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The amount of polymerization stress is influenced by the composition of the resin. 
Changes in its composition have been made through the years, in order to reduce the shrinkage 
stress and polymerization shrinkage of the material. 
An increase in the filler content results in a decrease in the shrinkage, thus an increase in 
the elastic modulus of the composite [25]. In fact, a high volume of fillers is essential to 
minimize the shrinkage stress, and increase the wear resistance, and its mechanical properties. 
We can say that much of the effort to decrease the shrinkage stress of the material has been based 
on changing the monomer chemical structure and changes in type and content of the fillers [20]. 
It is important to understand that shrinkage is a natural phenomenon that develops during 
polymerization; and starts as soon as the material is placed in a constrain cavity. The amount of 
material; the polymerization reaction, the material’s formulation, and the resultant properties all 
play important roles in stress development and in the transmission of these stresses to the tooth 
structures[26, 27]. Any stress that approaches or exceeds the local adhesive force or any 
structural strength, resulting in gap formation; is considered a high shrinkage stress [28].   
Shrinkage can be control by reducing the size of the filler, increasing the filler volume 
[13], and the selection of monomer as well as its diluent. Flowable composites on the other hand, 
are different from universal composites because contain a lesser filler volume [13] thus they are 
characterized by a high volume shrinkage followed by a high shrinkage stress.  
As it was mentioned above, most of the research done in the past years has focused in 
understanding the shrinkage stress properties of the dental composites by changing its 
composition leading to the development of new materials.  
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Recent investigations in experimental composites found that higher contraction stress and 
shrinkage stress values were obtain when higher ratios of TEGMA/BisGMA were used [29].  
New resin composites come out to the dental market every day, some of these claim to be 
innovative as well as, eliminating the drawback of the materials including their polymerization 
shrinkage and shrinkage stress. 
One of these new kind  of materials are the Siloranes monomer which has been used to 
replace the methacrylate in the resin matrix of dental composites, providing a low polymerization 
shrinkage, and increased hydrophobicity, producing a better biocompatibility and margin 
integrity [30, 31]. This monomer has been studied in different investigations that resulted in less 
shrinkage of the composite [32]. 
Some studies had suggested that a rapid formation of polymerization shrinkage will affect 
the adhesive bond between the composite and the tooth [33].  
In a search of ways to reduce the shrinkage stress of the composites. Clinicians had 
employed some techniques to do so, like for example the incremental filling placement of 
composites which allows for the penetration of the curing light, relieving the stress by an internal 
flow of the material [34]. Another way to reduce the shrinkage is by using liners in the cavity 
preparation like flowable composites or glass ionomer; which has been shown to reduce the 
stress. Many manufactures have recently introduced to the marked a new kind of flowable and 
universal “Bulk fill” composites that have modified and stronger initiation systems and a high 
translucency allowing their placement in layers of up to 4mm thickness with an adequate 
polymerization [35].  
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There are two types of bulk fill composites available; the low viscosity (flowable) and the 
high viscosity (condensable). Recent studies showed that the low viscosity bulk fill composites 
actually do not always have low polymerization shrinkage, and that in fact they present a higher 
shrinkage values similar to the regular flowable composites. On the other hand, it was also found 
that this composites have a good polymerization depth according to the manufactures [36-38]. 
 
1.1.1 Methods to Measure Shrinkage Stress 
 
 
The study and measurement of shrinkage stress is extremely important because it helps 
researchers and clinicians to develop new resin materials that will improve the clinical 
characteristics of the composites. 
Since the use in 1953 of a dilatometer with a mercury filled capillary by Smith and 
Schoonover [39], other methods like the photoelastic analysis and the bonded disc methods have 
been used to measure polymerization shrinkage [39-41], and shrinkage stress of the resin 
composites, even though, most of the studies regarding the shrinkage volume and shrinkage 
stress have been completed by mechanical testing. One of these apparatus is the uniaxial 
polymerization stress tensometer developed by the National Institute of Standards and 
Technology (NIST) [42] to measure polymerization shrinkage stress, degree of conversion and 
other features. 
Another widely used uniaxial testing method is using a universal testing machine [43, 
44], which is the method used in this study. In such a testing design, the tested composite resin is 
shaped as a cylinder between two flat surfaces that are mounted to the load cell of a universal 
testing machine. When the composite resin starts polymerization, the contraction force pulls the 
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two bonded surfaces, and the signal of load cell is monitored continuously by a computer 
program. The shrinkage stress is calculated by diving the contraction force by the area of the 
bonding substrate [35, 45].  
It is important to mentioned that any mechanical testing method has its limitations, and 
one this method limitations is that, in reality the shrinkage occurs in a tri-axial plane and this 
method only registers the shrinkage occurring in the long axis of the specimen [29, 46]. 
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2. OBJECTIVES OF STUDY 
 
 
2.1 Purpose of Study 
To investigate and compare the different shrinkage stress properties of some flowable and 
universal composites at variable times.  
 
2.2 Importance of Study  
There is not sufficient independent data comparing the shrinkage stress properties of 
flowable and universal composites 
2.3 Null Hypothesis 
There is no significant difference in shrinkage stress between flowable and universal 
dental composites. 
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3. MATERIALS AND METHODS 
3.1 Materials  
The following materials were used in this study other than tested resin composite: 
Optibond Solo Plus by KERR (bonding agent) Lot F662722 Exp. 2017-08 (Figure 1) 
Sand paper # 7 with 100 grit 
One fused silica cylinder 10mm in diameter, 
One glass cylinder 5mm in diameter  
 
3.1.1 Resin Composites 
A total of 11 commercially available resin composites were selected for this study: 
 
Seven flowable composites: 
Filtek Supreme Ultra Flowable Restorative, -3M ESPE Dental Products. (Figure 2) 
NOVAPRO Flow - Nanova Biomaterials Inc. (Figure 3) 
SureFil SDR Flow- DENTSPLY Caulk. (Figure 4) 
G-ænial Universal Flo - GC America. (Figure 5) 
Herculite Ultra Flow - KERR Restoratives (Figure 6) 
Dentex Flow - Dentex Dental Materials (Figure 7) 
Prime Dent flowable - Prime Dental (Figure 8) 
 
Four universal composites: 
Filtek Supreme Ultra Universal - KERR Restoratives (Figure 9) 
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Beautifil II - Universal Composite Restorative, Shofu Dental Corp (Figure 10) 
NOVAPRO Fill Universal - Nanova Biomaterials (Figure 3) 
Herculite Ultra Universal - KERR Restoratives (Figure 11) 
 
 
 
 
Figure 1.- OptiBond Solo Plus  by KERR (bonding agent) 
 
 
 
 
 
Figure 2.- Filtek Supreme Ultra Flowable Restorative by 3M ESPE 
 
 
Figure 3.- NOVAPRO Fill Universal & NOVAPRO flow – by Nanova Biomaterials 
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Figure 4.- SureFil SDR Flow by DENTSPLY Caulk 
 
 
 
 
Figure 5.- G-ænial Universal Flo - GC America 
 
 
 
 
 
Figure 6.- Herculite Ultra Flow by KERR Restoratives 
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Figure 7.- D Dentex Flow by Dentex Dental Materials 
 
Figure 8.- Prime Dent Flowable by Prime Dental 
 
 
Figure 9.- Filtek Supreme Ultra Universal by KERR Restoratives 
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Figure 10.- Beautifil II - Universal Composite Restorative, Shofu Dental Corp 
 
 
 
 
 
Figure 11.- Herculite Ultra Universal by KERR Restoratives 
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Table 1.- Dental Composites tested in this study 
Material 
 
Manufacturer 
& 
Lot Number 
Shade Monomer by 
wt% 
Fillers Content by 
wt% 
 
Filtek Supreme 
Ultra Flow 
(Bulk Fill 
Nanocomposite) 
 
3M ESPE 
Lot N734412 
 
 
A2 
 
-UDMA 5-25% 
- BisGMA 5-10% 
- TEGDMA 5-10% 
 
- Silane treated 
ceramic 50-60% 
- Silane treated silica 
5-10% 
a 
NovaPro Flow 
 
(Nanocomposite 
with nanofibers) 
 
 
NANOVA 
Lot FC091715B 
 
A2 
 
-EBADMA 5-25% 
-UDMA 5-25% 
-Triethylane-glycol 
Dimethacrylate 5-25% 
-Hydrophobic 
Amorphous Fumed 
Silica  
1-10% 
-Barium, Barosili-
cate-glass 40-80% 
Hydroxyapatite 
 1-10% 
SureFill SDR 
Flow 
(Nano-filled 
composite) 
DENTSPLY 
Lot 1512091 
Universal - Modified UDMA 
- EBPADMA 
-TEGMA 
-Barium strontium 
alumino-fluoro-silicate 
glasses 68% 
G-aenial 
Universal Flo 
(Bulk fill) 
GC AMERICA 
Lot1508072 
A2 -UDMA, 10-20% 
-BIS-EMA 5-10% 
-Dimethacrylate 5-10 
63.2%  
(Trade Secret) 
 
Herculite Ultra 
Flow 
(Bulk fill) 
 
 
KERR 
Lot 5401009 
 
A2 
 
-Bis-EMA 10-20% 
-Dimethanol 
dimethacrylate 1-10% 
 
 
-Silicon Dioxide 
1-5% 
ytterbium trifluoride  
5- 10% 
 
Dentex Flow 
(Nanocomposite) 
 
SINO-DENTEX 
Lot 14070303 
 
A1 
 
-BisGMA” 
-Barium Glass 
-Nano Silica 
         34% 
Prime Dent 
Flowable 
 
 
 
PRIME 
DENTAL 
Lot QF295 
 
A3 
-BisGMA 20-40%” (not specified on 
MSDS by the 
company) 
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Filtek Supreme 
Ultra Universal 
(Bulk fill) 
 
3M ESPN 
Lot N679748 
 
 
 
A2 
 
-BiseMA6, 5-15% 
-UDMA 5-10% 
-BisGMA 1-10% 
-EDMAB <0.5% 
-Silane Treated 
Ceramic 65-75% 
Silane Treated Silica 
5-15%-
Diphenyliononium 
Hexafluorophosphate 
<0.5% 
Zirconia/silica clusters 
 
Beautifil II 
Universal 
(Nanofilled 
composite) 
 
 
SHOFU 
DENTAL CORP 
Lot091471 
 
A2 
 
-BisGMA 7.5% 
-Triethylenglycol-Di-
methacrylate <5% 
 
Aluminofluoro-
borosilicate Glass 70% 
 
NovaPro Fill 
Universal 
(Nano-filled 
composite) 
 
 
NANOVA 
Lot UC321 
 
A2 
 
-UDMA 1-10% 
 
-EBADMA 5-25% 
 
 
 
 
 
-Hydrophobic 
Amorphous Fumed 
Silica  1-10% 
-Barium, Barosili-
cate-glass 40-80% 
-Hydroxyapatite 
 1-10% 
 
 
Herculite Ultra 
Universal 
(Bulk fill) 
 
KERR 
Lot 5302358 
 
 
 
B1 
 
 
 
 
2,2bis(acryloyloxymeth
yl)butyl acrylate  
-3trimethoxysilylpropyl 
methacrylate 1-5% 
 
 
-Glass-Oxide 
Chemicals 30-60% 
-Silanamine, 1,1,1-
trimethyl-N-
(trimethylsilyl)-, 
hydrolysis products 
with silica 10-30% 
 
EBADMA: Ethoxylated BisPhenol A Dimethacrylate, UDMA: urethane dimethacrylate, Bis-GMA: bisphenol 
A glycidyl methacrylate, Bis-EMA: ethoxylated bisphenol A glycol dimethacrylate, EDMAB: ethyl-4-
dimethylaminobenzoate. BISEMA6: diether Dimethacrylate. (Information disclosed by manufacturers on 
MSDS) 
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3.2 Methods  
A universal mechanical tester Instron Model 5566A (INSTRON Corp., Norwood, 
Massachusetts, USA) (Figure 12) was used to analyze the polymerization shrinkage stress of the 
seven flowable composites and four universal composites. (Figures 13,14) 
 
 
Figure 12.- INSTRON Model 5566A (INSTRON Corp., Norwood, Massachusetts, USA)  
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Figure 13.- Flowable composites used in this study 
 
 
Figure 14.- Universal composites used in this research 
 
The load of contraction force was recorded from 100 N load cell. One fused silica 
cylinder with 10mm in diameter and one glass cylinder 5mm in diameter, had one of their flat 
ends treated with 100 grit sand paper to obtained a rough surface necessary for resin composite 
bonding. The surfaces were then rinsed and air dried. Following these; the two rods were fixed in 
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a vertical position with two chucks attached to the INSTRON machine. (Figure 15). The working 
load cell was mounted at the top.  
 
Figure 15.- Quartz cylinders mounted on INSTRON 
 
A bonding agent (Optibond Solo Plus) was applied on the surface of the lower glass 
cylinder, and light cured for 10 seconds. (Ivoclar Blue phase 16i, HIP mode, ~1200 mW/cm2) 
(Figure 19). The upper and lower glass cylinders were placed into close contact together, this 
contact was controlled by a minimal load recorded by the software from the INSTRON machine; 
and zeroed right after. The distance between the upper and lower cylinders was set to 1.5-1.8 
mm. The resin composite was then injected on the flat surface of the lower glass cylinder, until 
filling the gap. The gap was adjusted to be 1.00 mm using the crosshead controller. The excess of 
composite was cleaned off with a plastic spatula. (Figures 16,17) 
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Figure 16.- The resin is injected until fiiling-up the gap 
After a 30 second baseline was acquired the resin was light cured for 20 seconds (Figure 
18). The tip of the curing light was placed perpendicular to the junction at a distance of 2mm. 
approximately. A radiometer, Demetron (KERR Research Corp) was used to monitor the 
adequacy of the light throughout the whole experiment (Figure 20).  
Finally, the load vs. time curve was recorded by the INSTRON machine until 5 minutes 
after the end of light cure. Five specimens from each resin were analyzed following the same 
method described above. The shrinkage stress values were calculated in MPa from the division 
of contraction forced recorded at 20 s, 60 s, 180 s, and 300 s., for each specimen to the cross-
section area. 
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Figure 17.- Resin composite between the cylinders 
 
Figure 18.- Light curing the resin composite 
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Figure 19.- Ivoclar Blue phase 16i curing light and Radiometer 
 
 
Figure 20.- Radiometer - Demetron by KERR Research Corp 
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3.3 Data Analysis 
 
 
Statistical analysis of the data was done using the JMP Pro 12.0.1., One-way analysis of 
variance also known as ANOVA and all Pairs Tukey-Kramer was used to compare differences 
among the groups with α = 0.05. 
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4. RESULTS 
4.1 Polymerization Shrinkage Stress  
 
 
Figure 21, shows the shrinkage stress curves produced by each of the materials tested on 
this study. A few seconds after the light was applied the shrinkage stress is observed by a gradual 
increase of the curve that continued to increase for around 300 seconds (5 min) even after the 
curing light was turned off. The maximum shrinkage stress was recorded on the computer 
software in the INSTRON machine. The lowest polymerization shrinkage was observed in the 
composite Sure Fil SDR, followed by Filtek Supreme Ultra Universal. Next, the composite Filtek 
Supreme Ultra Flow. The Nanofil universal composite NovaPro Ultra, followed by Beautifil II 
universal composite. The other nanofil flowable composite NanoPro flow. Both of the 
nanocomposites did not show very significant difference in their shrinkage stress properties.  
 
The Herculite Ultra Universal and Herculite Ultra Flow were, then Prime Dent, followed 
by G-aenial Flo. Finally, the composite that showed the highest shrinkage stress values was the 
flowable composite Dentex flow. 
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Figure 21.- Graph with Shrinkage Stress Curves for all the composites (MPa) 
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Figure 22.- Bar graph with mean shrinkage stress values (MPa)  
 
Figure 22, bar graph showing maxiumun shrinkage stress of the resins the groups were 
diveded into flowable and universal composite. The mean shrinkage stress values for the resin 
composites at different times are presented on Table 2. For each of the composites, the shrinkage 
streeses were showed at 20 s, 60 s, 180 s, and 300 s.  
All the resin composites showed increased values of shrinkage stress from 20 seconds to 
300 seconds (5 minutes). Pooled data showed flowable composites presented the higher 
shrinkage stress values in general, however, Surefil SDR flow had the lowest values among all 
groups. 
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Table 2.- Mean shrinkage stress values of the composites (MPa) by time  
 
Composite time, s N Mean 
(MPa) 
Std Dev 
Beautifil II Universal 20 5 0.35 0.04 
  60 5 0.47 0.05 
  180 5 0.54 0.04 
  300 5 0.57 0.05 
Dentex Flow 20 5 0.71 0.12 
  60 5 0.96 0.11 
  180 5 1.08 0.10 
  300 5 1.12 0.09 
Filtek Sup. Flow 20 5 0.39 0.04 
  60 5 0.48 0.03 
  180 5 0.53 0.03 
  300 5 0.55 0.03 
Filtek Sup. Ultra 20 5 0.21 0.02 
  60 5 0.30 0.02 
  180 5 0.35 0.02 
  300 5 0.37 0.02 
G-aenial Univ Flow 20 5 0.64 0.05 
  60 5 0.79 0.05 
  180 5 0.87 0.06 
  300 5 0.90 0.06 
Herculite Ultra Flow 20 5 0.42 0.08 
  60 5 0.56 0.08 
  180 5 0.63 0.08 
  300 5 0.66 0.08 
  28 
  Herculite UltraUniv 20 5 0.43 0.05 
  60 5 0.55 0.06 
  180 5 0.61 0.07 
  300 5 0.65 0.05 
Novapro Universal 20 5 0.39 0.04 
  60 5 0.48 0.04 
  180 5 0.53 0.03 
  300 5 0.55 0.03 
NovaPro-Flow 20 5 0.40 0.03 
  60 5 0.54 0.02 
  180 5 0.62 0.02 
  300 5 0.66 0.02 
Prime-Dent Flow 20 5 0.38 0.10 
  60 5 0.69 0.07 
  180 5 0.80 0.07 
  300 5 0.85 0.07 
Sure Fil Flow 20 5 0.18 0.04 
  60 5 0.26 0.03 
  180 5 0.32 0.04 
  300 5 0.33 0.03 
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4.2 Polymerization Shrinkage Stress Development by Time 
 
Figure 23 illustrates the One Way Analysis of Variance shrinkage stress values for each 
of the composites within our sample at 20 seconds time. We observe how the resins are different 
from each other; again the composites below the horizontal line which represents the mean 
value, are the composites with the lower shrinkage stress values. On the other hand, the 
composites above it showed the highest shrinkage stress values from the entire group. 
 
 
 
Figure 23 Tukey-Kramer HSD graph illustrates the shrinkage stress (MPa) at 20 s.  
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Table 3, shows the One Way analysis of Variance values for the materials in this study at 
20 seconds time. The p<.0001 and the Mean value 0.11 
 
 
Table 3.-  Shows the Shrinkage Stress One way Analysis of Variance at 20 s. Time 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Composite 10 1.1923675 0.119237 30.4982 <.0001* 
Error 44 0.1720240 0.003910   
C. Total 54 1.3643915    
  
 
Table 4 shows connecting letters report for all of the composites in this study at 20 
seconds time shows how the groups are connected between them. The groups shown with the 
same letter did not show significant different shrinkage stress values. On the other hand, groups 
with a different letter are different from the rest of the groups. 
 
Table 4.-Connecting Letters Report at 20 s. time 
Composite    Mean (MPa) 
Dentex Flow A   0.71 
G-aenial Univ Flow A   0.63 
Herculite UltraUniv  B  0.40 
Herculite Ultra Flow  B  0.42 
NovaPro-Flow  B  0.39 
Filtek Sup. Flow  B  0.39 
Novapro Universal  B  0.39 
Prime-Dent Flow  B  0.37 
Beautifil II Universal  B  0.35 
Filtek Sup. Ultra   C 0.21 
Sure Fil   C 0.18 
 
Levels not connected by same letter are significantly different. 
 
  31 
The polymerization stress value means for One-way Analysis of Variance at 20 seconds 
are observed in Table 5, SureFil SDR obtained the lowest shrinkage stress (0.18), followed by t 
two universal composites Filtek Sup Ultra (0.21), Beautifil II (0.35). Next two flowable 
composites Prime-Dent Flow (0.38) and Filtek Sup. Flow (0.39); followed by the two 
nanocomposites that contain fibers Novapro Universal (0.39) and NovaPro-Flow (0.40). The 
Herculite Ultra Flow and Herculite Ultra Universal (0.42 and 0.43).  
Finally, the two composite resins with the highest polymerization shrinkage stress values 
are G-aenial Universal Flo (0.64) and Dentex Flow (0.71). The values for all resins were 
different at 20 s, 60 s, 180 s, and 300 s. 
 
 
Table 5.- Means for Oneway ANOVA shrinkage stress MPa at 20 s. time 
 
Composite Number Mean 
(MPa) 
Std Deviation Lower 95% Upper 95% 
Beautifil II 
Universal 
5 0.35 0.03 0.30 0.41 
Dentex Flow 5 0.71 0.03 0.65 0.77 
Filtek Sup. Flow 5 0.39 0.03 0.34 0.45 
Filtek Sup. Ultra 5 0.21 0.03 0.16 0.27 
G-aenial Univ Flow 5 0.64 0.03 0.58 0.69 
Herculite Ultra Flow 5 0.42 0.03 0.37 0.48 
Herculite UltraUniv 5 0.43 0.03 0.38 0.49 
Novapro Universal 5 0.39 0.03 0.33 0.45 
NovaPro-Flow 5 0.40 0.03 0.34 0.45 
Prime-Dent Flow 5 0.38 0.03 0.32 0.43 
Sure Fil 5 0.18 0.03 0.13 0.24 
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Figure 24, illustrates the One Way Analysis of Variance shrinkage stress values for each 
of the composites in our study at 60 seconds time, here we can observe the materials with the 
lower values, are located below the horizontal line that represents the mean, the composites 
above it, are the groups that obtained the highest shrinkage stress.  
 
 
 
 
Figure 24.- Tukey-Kramer HSD graph shrinkage stress (MPa) at 60 s. 
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Table 6 shows connecting letters report for all of the composites in this study at 60 
seconds. The groups shown with the same letter are related between them. On the other hand, 
groups with a different letter are different from the rest of the groups. 
 
Table 6.-Connecting Letters Report at 60 s. time 
Composite     Mean (MPa) 
Dentex Flow A    0.96 
G-aenial Univ Flow  B   0.79 
Prime-Dent Flow  B   0.680 
Herculite Ultra Flow   C  0.55 
Herculite UltraUniv   C  0.54 
NovaPro-Flow   C  0.530 
Novapro Universal   C  0.47 
Filtek Sup. Flow   C  0.47 
Beautifil II Universal   C  0.46 
Filtek Sup. Ultra    D 0.30 
Sure Fil    D 0.25 
 
Levels not connected by same letter are significantly different. 
 
 
 
Table 7, shows the values for each of the composites in our study at 60 seconds time. The 
mean shrinkage stress at 60 seconds is 0.20 and the p<.0001. 
 
 
Table 7.-Shrinkage Stress One way Analysis of Variance at 60 s. Time 
 
Source DF Sum of 
Squares 
Mean Square F Ratio Prob > F 
Composite 10 2.0776592 0.207766 66.0491 <.0001* 
Error 44 0.1384076 0.003146   
C. Total 54 2.2160668    
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The polymerization stress value means for One-way analysis of variance at 60 seconds 
are observed on Table 8, SureFil SDR shows the lowest shrinkage stress (0.26), followed by the 
universal composite Filtek Sup Ultra (0.55), the shrinkage stress of the composites shows 
significant  values. Dentex Flow (0.96) showed the highest shrinkage stress from all the groups. 
 
 
Table 8.- Means for Oneway ANOVA shrinkage stress MPa at 60 s. time 
 
Composite Number Mean 
(MPa) 
Std 
Deviation 
Lower 
95% 
Upper 
95% 
Beautifil II 
Universal 
5 0.47 0.03 0.42 0.52 
Dentex Flow 5 0.96 0.03 0.91 1.01 
Filtek Sup. Flow 5 0.48 0.03 0.42 0.53 
Filtek Sup. Ultra 5 0.30 0.03 0.25 0.35 
G-aenial Univ Flow 5 0.79 0.03 0.74 0.84 
Herculite Ultra 
Flow 
5 0.56 0.03 0.51 0.61 
Herculite UltraUniv 5 0.55 0.03 0.50 0.60 
Novapro Universal 5 0.48 0.03 0.43 0.53 
NovaPro-Flow 5 0.54 0.03 0.49 0.59 
Prime-Dent Flow 5 0.69 0.03 0.64 0.74 
Sure Fil 5 0.26 0.03 0.21 0.31 
Std Error uses a pooled estimate of error variance 
 
 
Figure 25 illustrates the shrinkage stress values for each of the composites in our study at 
180 seconds, and illustrates how the resins are different from each other.
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Figure 25. Tukey-Kramer HSD graph, shrinkage stress (MPa) at 180 s. 
 
 
Table 9 shows the mean polymerization shrinkage stress values of the composites in this 
study analyzed at 180 seconds. The mean value is 0.24% and the p<.0001  
 
Table 9.- Shows the Shrinkage Stress One way Analysis of Variance at 180 s. time 
 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Composite 10 2.4530838 0.245308 72.9376 <.0001* 
Error 44 0.1479836 0.003363   
C. Total 54 2.6010674    
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 Table 10, connecting letters report for all of the composites in this study at 180 seconds 
time, shows how the groups are related between them. The groups shown with the same letter did 
not have significant difference in their values, groups with a different letter are different from the 
rest of the groups. 
Table 10.-Connecting Letters Report at 180 s. time 
Composite     Mean (MPa) 
Dentex Flow A    1.08 
G-aenial Univ Flow  B   0.86 
Prime-Dent Flow  B   0.80 
Herculite Ultra Flow   C  0.60 
NovaPro-Flow   C  0.62 
Herculite UltraUniv   C  0.61 
Beautifil II Universal   C  0.54 
Novapro Universal   C  0.53 
Filtek Sup. Flow   C  0.53 
Filtek Sup. Ultra    D 0.35 
Sure Fil    D 0.32 
Levels not connected by same letter are significantly different. 
 
 
Table 11.- Means for Oneway ANOVA shrinkage stress MPa at 180 s. time 
Composite Number Mean 
(MPa) 
Std 
Deviation 
Lower 95% Upper 
95% 
Beautifil II Universal 5 0.54 0.03 0.49 0.59 
Dentex Flow 5 1.08 0.03 1.03 1.13 
Filtek Sup. Flow 5 0.53 0.03 0.48 0.58 
Filtek Sup. Ultra 5 0.35 0.03 0.30 0.40 
G-aenial Univ Flow 5 0.87 0.03 0.82 0.92 
Herculite Ultra Flow 5 0.63 0.03 0.58 0.68 
Herculite UltraUniv 5 0.61 0.03 0.56 0.67 
Novapro Universal 5 0.53 0.03 0.48 0.58 
NovaPro-Flow 5 0.62 0.03 0.57 0.67 
Prime-Dent Flow 5 0.80 0.03 0.75 0.85 
Sure Fil 5 0.54 0.03 0.49 0.59 
Std	Error	uses	a	pooled	estimate	of	error	variance 
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Figure 26.- Tukey-Kramer HSD graph illustrates the shrinkage stress (MPa) at 300 s. 
 
On Figure 26, we observe the shrinkage stress values of each of the composites in our 
study at 300 seconds time, and shows how the resins are different from each other as mentioned 
before the resins SureFil SDR and Filtek Supreme Ultra showed the lowest values of 
polymerization shrinkage.  Dentex Flow shows the highest shrinkage polymerization stress 
values. 
 
The mean shrinkage stress at 300 s. is 0.26% and the p<.0001 are shown on Table 12. 
 
 
Table 12.- One way Analysis of Variance of Shrinkage Stress at 300 s. time 
 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Composite 10 2.6283831 0.262838 90.6763 <.0001* 
Error 44 0.1275404 0.002899   
C. Total 54 2.7559235    
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Table 13.-Connecting Letters Report at 300 s. time 
Composite     Mean (MPa) 
Dentex Flow A    1.12 
G-aenial Univ Flow  B   0.89 
Prime-Dent Flow  B   0.84 
Herculite Ultra Flow   C  0.65 
NovaPro-Flow   C  0.65 
Herculite UltraUniv   C  0.65 
Beautifil II Universal   C  0.56 
Novapro Universal   C  0.55 
Filtek Sup. Flow   C  0.55 
Filtek Sup. Ultra    D 0.36 
Sure Fil    D 0.33 
 
Levels not connected by same letter are significantly different. 
 
 
Table 13, the connecting letters report shows how the resins are related to each other in by which 
the composites with the same letter are not very different from each other. Composites with 
different letters are not related between them. 
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Table 14.- Means for Oneway ANOVA shrinkage stress MPa at 300 s. time 
 
Composite	 Number	 Mean	
(MPa)	
Std	
Deviation	
Lower	
95%	
Upper	
95%	
Beautifil	II	Universal	 5	 0.57	 0.02	 0.52	 0.62	
Dentex	Flow	 5	 1.12	 0.02	 1.07	 1.17	
Filtek	Sup.	Flow	 5	 0.55	 0.02	 0.50	 0.60	
Filtek	Sup.	Ultra	 5	 0.37	 0.02	 0.32	 0.42	
G-aenial	Univ	Flow	 5	 0.90	 0.02	 0.85	 0.94	
Herculite	Ultra	Flow	 5	 0.66	 0.02	 0.61	 0.71	
Herculite	UltraUniv	 5	 0.65	 0.02	 0.60	 0.70	
Novapro	Universal	 5	 0.55	 0.02	 0.51	 0.60	
NovaPro-Flow	 5	 0.66	 0.02	 0.61	 0.71	
Prime-Dent	Flow	 5	 0.85	 0.02	 0.80	 0.89	
Sure	Fil	 5	 0.33	 0.02	 0.29	 0.38	
Std	Error	uses	a	pooled	estimate	of	error	variance	
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4.3 Polymerization Shrinkage Stress Induction Time 
 
On Figure 27 the curves are formed by the polymerization shrinkage stress of the material 
are illustrated. The curing light was applied to each of the resins at 30 seconds; right after the 
light was started; there was a short lag time before the stress elevation called induction time. This 
induction time is related to polymerization initiation period. In general, the induction time for all 
of the composites was between 2.5 and 4 seconds; after this the curve started to increase.  
 
 
 
 Figure 27.-  Graph with Polymerization shrinkage Stress Curves & Induction Time 
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Figure 28.- Graph mean induction time for all the composites  in seconds  
 
On Figure 28, the flowable composite group is represented on  blue and the universal 
composite group on red bars. The mean induction time, is considered the short time lag of the 
composite right after the application of the curing light and before the curve starts to increased . 
 
Table 15, shows the induction time mean values and the standard deviation for the resin 
composites used in this study. The time starts around the 2.5 seconds for both Herculite Ultra 
Flow and Herculite Ultra Universal composites to up to around 4 seconds for  the Nova Pro Flow 
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resin. We can conclude that the median induction time in seconds for all the composited in this 
research was around 3 seconds.  
 
Table 15.Induction time (s) of the resin composites used in this research 
 
 
 
 
 
 
 
 
 
 
 
 
Table 16 shows the connecting letter report for the induction time in which the resins with the 
same letters have similar values; the resins with different letters showed different values among 
the group. 
 
Table 16.- Connecting Letters Report for induction time  
 
Composite     Mean Seconds 
NovaPro-Flow A    4.04 
Dentex Flow  B   3.22 
Filtek Sup. Ultra  B   3.20 
Filtek Sup. Flow  B   3.14 
G-aenial Univ Flow  B   3.10 
Novapro Universal  B   3.10 
Prime-Dent Flow  B   3.10 
Sure Fil  B   3.10 
Beautifil II Universal   C  2.78 
Composite N Mean 
Seconds  
Std Dev 
Beautifil II Universal 5 2.8 0.08 
Dentex Flow 5 3.2 0.08 
Filtek Sup. Flow 5 3.1 0.28 
Filtek Sup. Ultra 5 3.2 0.12 
G-aenial Univ Flow 5 3.1 0.10 
Herculite Ultra Flow 5 2.5 0.08 
Herculite UltraUniv 5 2.4 0.05 
Novapro Universal 5 3.1 0.07 
NovaPro-Flow 5 4.0 0.05 
Prime-Dent Flow 5 3.1 0.07 
Sure Fil 5 3.1 0.12 
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Composite     Mean Seconds 
Herculite Ultra Flow    D 2.48 
Herculite UltraUniv    D 2.44 
 
 
Figure 29 Tukey-Kramer graph, illustrates the Induction time values for all of the resins 
in our study. The composites that are included in the horizontal line which represents the mean 
do not significantly differ from each other.  
 
 
 
 
Figure 29.- Tukey-Kramer HSD graph Induction time for all the composites in this study 
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5. DISCUSSION 
 
In the present study the shrinkage stress properties of seven flowable composites and four 
universal composites were evaluated using a universal testing machine (INSTRON). The 
shrinkage stress values obtain during the polymerization of the composites are the result of the 
grade of conversion, the size and molecular weight of the monomers and the type and volume of 
the fillers [47]. It is well understandable that shrinkage stress is a natural phenomenon that 
occurs due to the intermolecular reduction of the polymer and constriction of the material within 
the cavity walls [40]. 
 
 Resin composites go through three phases during polymerization: pre-gel phase, 
plymerization phase, and post gel phase; this last one, is considered the most important phase in 
the development of shrinkage stress, because once the material is fully rigid it will not be able to 
compensate for the contraction resulting in stress [19, 44]. The rapid increase in stress if not 
controlled, could damage the adequate adhesive formation, leading to debonding of the 
restoration and gap formations resulting in sensitivity as well as secondary decay [33, 48]. 
Moreover, effective methods to investigate the shrinkage stress properties of the materials are 
neccesary to predict their clinical behavior and coutcome.  
Malhotra N. et al. on their study about strategies to overcome polymerization shrinkage 
concluded that is important to minimize the shrinkage stress in order to improve the survival and 
success rate of the restorations [49].  
The use of an universal testing machine modified with extensometers connected to a 
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software computer that registers precisely the movement of the extension caused by the 
polymerization shrinkage stress of the material; is one of the most widely used and standardized 
methods, and was used by different authors in different studies before [27, 42, 44, 47, 48, 50, 
51]. It is important to mention that one of the limitations of  this technique; is that stress occurs 
in a tri-axial plane so not all the stresses may be register by the machine [19, 46].  
 
Despite all the research and improvement in the composition of resin composites during 
the last decade, we can still observe major issues during the polymerization of the material 
leading to shrinkage stress.   
 
Since their introduction to the dental field bulk fill and nanocomposites have gain a lot of 
popularity among clinicians but there is still very little information known about their shrinkage 
stress characteristics. As well as their clinical behavior.  Some of the factors that influence the 
shrinkage stress in a resin are: their filler content, the type and size of the filler; the monomer 
structure, the additives, the matrix interactions, and the catalyst. In fact, there is little information 
known regarding the formulation used to control the polymerization shrinkage stress and it varies 
from manufacturer to manufacturer. Condon et al., in their study demonstrated that the 
polymerization stresses have been correlated directly with the filler concentration [52].  
 
El-Damanhoury et al. and Jang J-H, et al. on their respective studies found that some 
flowable bulk fill composites exhibit higher volumetric shrinkage and do not always have low 
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shrinkage stress properties that in fact, they are comparable to regular flowable [35, 37]. 
In our study we observe that in general higher shrinkage stress values were obtained with 
the flowable composite group; in were Dentex Flow (SINO DENTEX)  obtained the highest 
shrinkage stress values at 20 s. 0.71; at  60 s. 0.96, 180 s. 1.08 and at 300 s. 1.12 (MPa). This 
could be a result of its low filler content 34% and also the type of monomer used Bis-GMA 
which makes the resin more viscous and also increases the stress after polymerization.  
The second flowable composite with the highest shrinkage stress values was  G-aenial 
Flo (GC America) with mean Shrinkage Stress values at 20 s. 0.64; at 60 s. 0.79, at 180 s. 0.87, 
and at 300 s. 0.90 (MPa) these results are in relation with the values showed on the company’s 
website regarding their polymerization shrinkage stress. The company has kept the type and 
exact contain of the fillers as a trade secret according to the MSDS but Sumino N. et al. on their 
study described this G-aenial resin as a flowable composite with a small filler particles, low filer 
content and low viscosity [53]. 
Goncalvez, et al. on their study demonstrated that composites with a inorganic filler 
content from 60% to 80% showed a reduced shrinkage and higher elastic modulus values by up 
to 29%[51]  
 
Our null hypothesis  that there is no shrinkage stress difference between flowable and 
universal composites; was partially rejected, since even though higher shrinkage stress values 
were observed in our flowable composite group: SureFil SDR (Stress Decreasing Resin, Smart 
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Dentin Replacement, showed the lowest polymerization shrinkage stress values at 20 s. 0.18; at 
60 s. 0.26, 180 s. 0.32, and at 300 s. 0.33(MPa) This flowable resin has a modified urethane 
dimethacrylate monomer (UDMA) incorporated; which in turn, contains a polymerization 
modulator into the resin structure, resulting in a delayed polymerization and gelation rate that 
allows the resin to be able to release more stress by internal flow thus the lower shrinkage stress 
properties of the material. 
 
Manhart J. et al. and Abe Y. et al. on their studies showed that SureFil SDR had superior 
flexural strenght, fracture toughness and a reduced shrinkage stress values [54, 55],  respectively.  
 The second composite that obtained the lowest polymerization shrinkage stress values in 
our research was Filtek Supreme Ultra universal composite: At 20s. 0.21; at 60s. 0.30, 180s. 0.35 
and at 180s 0.37 (MPa) respectively. Followed by Filtek supreme Ultra Flow with almost the 
same shrinkage stress values it can be deducted, that the company (3M ESPN) uses the same 
composition for both of their resins. Pereira et al., on their research obtained similar results when 
comparing Filtek Supreme ultra with the rest of the bulk fill materials in their study [15].  
 
Within our sample we included two nanocomposites with fibers in which NovaPro 
Universal resin (NANOVA Biomaterials) obtained lower shrinkage stress values that ranged 
from 0.39 at 20. to 0.55 (MPa) at 300 s; compared to the NovaPro Flow with values of 0.40 at 20 
s. to 0.66 (MPa) at 300 s.  
 
The polymerization shrinkage stress values obtained for the rest of the composites 
showed a very significant shrinkage stress value (p<.0001), although, in general lower values 
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were obtained with our universal composites group, except for the flowable composite SureFil 
SDR (DENTSPLY) which had the lowest polymerization shrinkage from all the groups. These 
results demonstrate once more than universal composites have in general less polymerization 
shrinkage.  
Regarding the induction time testing in our study; this was done with the purpose of 
analyzing the time that actually takes for each of the composite in our sample after the 
application of the curing light to demonstrate an increase in the curves due to the stresses 
produced within the material. 
On Figure 28 we can observe the change in the slope on the curve for the Dentex Flow 
composite; some authors suggest that this is caused by the curing light as a result of the elevation 
of the temperature and a thermal dilation stress [56, 57].  
The induction time observed with all of the composites in this study did not show 
significant differences; these could be due to the fact that most of the companies used the similar 
initiator and inhibitor systems in their composites, and the polymerization kinetics has been 
optimized through the formulation. 
 
We can conclude that higher values of shrinkage stress were observed in the flowable 
composites group. The amount of shrinkage stress is related to the filler content and our findings 
demonstrate that the composites with more filler showed less shrinkage stress in general. All the 
companies have different formulation in their resin composites and in the end the amount of 
shrinkage stress might be product dependent. Finally, more in vitro research is necessary to 
simulate the clinical conditions necessary to achieve a better understanding of the shrinkage 
stress properties and  
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6. CONCLUSIONS 
 
 Within the limitation of this study the following can be concluded: 
 
1. In general the flowable composites group presented higher polymerization shrinkage 
stress values as compared with our universal composite group tested. 
 
2. Our null hypothesis stating, “There is no significant difference in the shrinkage stress 
between flowable and universal dental composites.” is partially rejected, since the 
flowable composite SureFil SDR (DENTSPLY) showed the lowest shrinkage stress 
values that ranged from 0.18 to 0.33 MPa. 
 
3. Dentex Flow showed the highest shrinkage values that ranged from 0.71 to 1.12 
MPa.This could be due to its lower filler content. 
 
4. In general, the shrinkage stress values obtained for all composites showed a p<0.0001 at 
all the variable times studied.   
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